The N2-fixing legume nodule requires 02 for ATP production; however, the 02 sensitivity of nitrogenas dictates a requirement for a low PO2 insde the nodule. The Oxygen is essential for ATP production by oxidative phosphorylation to sustain the symbiotic N2 fixation process in legume nodules; however, the nitrogenase enzyme is remarkably sensitive to 02 with rapid inactivation occurring upon exposure to ambient 02 concentrations (4). Recent research findings reveal the systems used by the legume nodule to satisfy these 02 needs.
. It is conduded that the N21CJ121-fixing system of intact soybean plants is able to adapt to a wide range of external pO2s as probably occur in soil. We postulate that this occurs through an undefined mechanism which enables the nodule to maintain an internal p°2 optimal for nitrogenase activity.
Oxygen is essential for ATP production by oxidative phosphorylation to sustain the symbiotic N2 fixation process in legume nodules; however, the nitrogenase enzyme is remarkably sensitive to 02 with rapid inactivation occurring upon exposure to ambient 02 concentrations (4) . Recent research findings reveal the systems used by the legume nodule to satisfy these 02 needs.
It has been suggested (4) and there is evidence (6, Other researchers suggest that there is a continuous network of intercellular spaces which permits gaseous diffusion of 02 from the external atmosphere to the host cells of the cortex, the interstitial cells, and the mitochondria at the periphery of the bacteroid-containing cells, all of which represent a continuum of 02 sinks (5 However, in spite of these elaborate mechanisms, the N2-fixing activity of the soybean nodule appears to be limited by the PO2 in air since maximal rates of N2 fixation, measured in short term experiments using excised nodules, usually are increased by supra-ambient PO2S (3, 7) . A comprehensive study, using fieldgrown plants throughout the complete growth cycle, gave maximal rates of N2 fixation at 0.26 to 0.41 atm O2 with substantial decreases at subambient PO2S (9) .
In the soil environment of the nodule, P02S greater than 0.21 atm probably do not occur naturally, while subambient PO2S
probably exist under various environmental circumstances (4, 17, 21) . Thus, an ideal legume N2-fixing system should be able to adapt rapidly to a range of subambient PO2S such as occur in soil so as to maximize N2 fixation. The aerobic N2-fixing bacterium Azotobacter possesses mechanisms that protect its nitrogenase from O2 extremes (18) fixing activity. Intact plant incubations for measurement of nitrogenase activity were similar to those previously described (8, 19) , and after 15 and 30 min of incubation, 10-cm3 gas samples were withdrawn and placed into 10-ml evacuated blood sample tubes (11) for subsequent gas chromatographic assay (8, 13) (20) .
The second long term adaptation study was similar to the first except that longer times of exposure to purge mixtures contain- fixation assays were near those of the treatment purge and incubation gas mixtures, 2-cm3 gas samples were withdrawn with a gas-tight syringe from the rhizosphere of four replicates of the three PO2 treatments at the start and end of the 30-min incubations conducted after 71 hr. The 02 content of the rhizosphere during incubation was determined with a Perkin Elmer 900 gas chromatograph equipped with a thermal conductivity detector and two specially pretreated (15) stainless-steel columns (2.7 m x 0.3 cm diameter) with a molecular sieve 5A packing connected in series and operated at 11 C. At the end of the experiment, the sand was washed from the roots and nodules, the nodules were stripped from the roots, and the nodule fresh weight was recorded enabling N2[C2H2J fixation rates to be computed on a specific activity basis. Data collected to assess the reversibility of long term PO2 effects were analyzed separately from the variant PO2 exposure data; however, both sets of data were subjected to IX transformations and analyzed as factorial experiments to test PO2 treatment and PO2 incubation time effects and the interaction of these two factors. Duncan's new multiple range test was used to compare treatment means.
RESULTS AND DISCUSSION
The rate of N2[C2H2] fixation (Table I) incubation gas mixture; however, the measurements confirmed that the PO2S in the rhizosphere were within 0.01 atm of those of the variant PO2 purge streams. The fact that the O2 concentrations remained stable throughout the incubation period indicated that root and nodule respiration did not consume significant quantities of 02, and that the incubation vessels were effective in preventing exchange of 02 from the external environment with that of the rhizosphere. In addition, it has been demonstrated that in soybeans, '50-labeled 02 movement from the shoot to the roots does not occur through the stem (16) .
We believe that the adaptation response of the N2 fixation There are many possible factors that could be involved in the adaptive response of intact plants to variant PO2S. The response may involve changes in cortical resistance to 02 diffusion, alterations in vesicle membrane resistance to 02 transport, changes in leghemoglobin forms (10) or content, conformational changes in nitrogenase, respiratory changes, translocation alterations, or changes in Cyt P-450 which has been implicated in the 02 transport scheme (1) . Presently, the physiological nature of the adaptive response is an enigma; however, one interpretation of the data is that nodules of intact soybean plants exposed to a variant PO2 have mechanisms that permit the maintenance of an optimal internal PO2 for ATP production. This capability probably has agronomic significance in soybean production situations where the soil PO2 is reduced by conditions such as flooding or soil compaction.
